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SYSTEM AND METHOD FOR RADAR DETECTION OF AN OBJECT 

FIELD OF THE INVENTION 

5 The present invention relates to a system and a method for radar detection of an 
object. More particularly, the invention relates to radar detection of an object by si- 
multaneously transmitting a continuous-wave, CW, radar signal and a frequency 
modulated continuous-wave, FM-CW, signal or a multi-frequency, MF, radar signal. 

1 0 DESCRIPTION OF THE PRIOR ART 

A number of radar detection systems are known, especially within the area of pro- 
viding automobiles with radars for road traffic control. 

15 In U.S. Pat. No. 5,731,778 is described an FM-CW radar, which is suitable for auto- 
motive anti-collision systems. This radar outputs a radar signal in the form of a trian- 
gular wave whose frequency is increased at a given rate and decreased at a given 
rate. A receiver receives a wave reflected from a target to produce a beat signal and 
takes the Fourier transform of the beat signal to determine peak frequency compo- 

20 nents thereof showing peaks in a frequency spectrum. The receiver also determines 
phases of the peak frequency components and selects at least one from the peak 
frequency components in a frequency-rising range wherein the frequency of the ra- 
dar signal is increased and at least one from the peak frequency components in a 
frequency-falling range wherein the frequency of the radar signal is decreased, 

25 which show substantially the same, phase to pair them for determining the distance 
to and relative speed of the target based on the frequency of the paired peak fre- 
quency components. However, for the system described in US Pat. No. 5,731,778 
there is no transmission of a CW radar signal, whereby the system relies on the 
pairing of peak frequency components from the frequency-rising range and fre- 

30 quency-falling range leading to an ambiguity when determining target distance and 
speed. 

In U.S. Pat. No. 5,325,097 is described a road vehicle radar system for discriminat- 
ing between hazard and non-hazard targets within a predetermined zone. The de- 
35 scribed system uses a pair of frequency modulated continuous wave radar cycles, 
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FM-CW, and a single continuous wave cycle, CW, in the generation of radar quanti- 
ties for measuring target range and apparent target velocity. It is preferred to use a 
triangular FM-CW radar wave with an increase in frequency during a first cycle and 
a decrease in frequency during a second cycle. A FM-CW Doppler quantity may be 

5 determined from the received FM-CW radar signals and a CW Doppler quantity may 
be determined from the received CW radar signal. The Doppler quantities corre- 
spond to target velocities, and from the obtained FM-CW and CW Doppler quantities 
it is determined whether the target is a hazard or non-hazard target. In U.S. Pat. No. 
5,325,097, both a CW signal, which gives information on the target velocity only, 

0 and a FM-CW, which holds information relating to the target velocity and distance, 
are used, thereby reducing the ambiguity when determining target velocity and dis- 
tance. However, the FM-CW and CW signals are transmitted at different time cycles, 
so that the target observation must be divided into three time cycles, thereby reduc- 
ing the sensitivity of the radar system. The issue of determining the range and veloc- 

5 ity of multiple objects simultaneously was not addressed either, since the system 
was intended to provide detection only of the most prominent object in sight. 

Thus, there is a need for a radar detection system capable of providing unambigu- 
ous range and velocity measurements of one or more objects, especially of those 
0 travelling at supersonic velocities, while at the same time using a minimum of time 
cycles in order to increase the sensitivity of the system. A solution to such a radar 
detection system is provided by the system of the present invention. 

SUMMARY OF THE INVENTION 

5 

According to the present invention there is provided a radar system for detection of 
one or more objects, said system comprising: a radar wave transmitter for simulta- 
neously transmitting a CW radar signal and a FM-CW or MF radar signal, and 
a first radar wave receiver for receiving CW and FM-CW or MF radar signals re- 
D fleeted from one or more objects present in a detection range of the radar system. 

Here, the transmitted MF radar signal may alternate between two or more signal 
frequencies. 
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It is within a preferred embodiment of the invention that the radar system further 
comprises: a first CW mixer for mixing CW transmission signals and reflected CW 
signals received by the first receiver, and a first FM-CW or MF mixer for mixing FM- 
CW or MF transmission signals and corresponding reflected FM-CW or MF signals 
5 received by the first receiver. 

Here, within a first aspect of the invention, it is preferred that: the radar wave trans- 
mitter is adapted for simultaneously transmitting a CW radar signal and a FM-CW 
radar signal; the first radar wave receiver is adapted for receiving CW and FM-CW 

10 radar signals reflected from one ore more objects present in a detection range of the 
radar system; the first CW mixer is a mixer for mixing CW transmission signals and 
reflected CW signals received by the first receiver to produce one or more first CW 
beat signals, each first CW beat signal relating to the velocity of an object; and the 
first FM-CW or MF mixer is a first FM-CW mixer for mixing FM-CW transmission 

15 signals and reflected FM-CW signals received by the first receiver to produce one or 
more first FM-CW beat signals relating to the distance o and the velocity of an ob- 
ject. 

So, according to the first aspect of the invention there is provided a radar system for 
20 detection of one or more objects, said system comprising: a radar wave transmitter 
for simultaneously transmitting a CW radar signal and a FM-CW radar signal; a first 
radar wave receiver for receiving CW and FM-CW radar signals reflected from one 
or more objects present in a detection range of the radar system; a first CW mixer 
for mixing CW transmission signals and reflected CW signals received by the first 
25 receiver to produce one or more first CW beat signals, each first CW beat signal 
relating to the velocity of an object; and a first FM-CW mixer for mixing FM-CW 
transmission signals and reflected FM-CW signals received by the first receiver to 
produce one or more first FM-CW beat signals, each first FM-CW beat signal relat- 
ing to the distance to and the velocity of an object. 

30 

For systems of the invention wherein the radar wave transmitter is adapted for si- 
multaneously transmitting a CW radar signal and a FM-CW radar signal, the FM-CW 
radar signal may be a saw-tooth or ramp modulated signal. Here, the ramp modu- 
lated signal may have an up-ramp waveform with an increase in frequency during 
35 the up-ramp period or a down-ramp waveform with a decrease in frequency during 
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the down ramp period. Alternatively, the FM-CW radar signal may have a triangular 
shaped waveform with up-ramp periods having an increase in frequency and down- 
ramp periods having a decrease in frequency. 

5 

According to a second aspect of the invention, it is preferred that: the radar wave 
transmitter is adapted for simultaneously transmitting a CW radar signal and a MF 
radar signal; the first radar wave receiver is adapted for receiving CW and MF radar 
signals reflected from an object present in a detection range of the radar system; the 

1 0 first CW mixer is a mixer for mixing CW transmission signals and reflected CW sig- 
nals received by the first receiver to produce one or more first CW beat signals, 
each first CW beat signal relating to the velocity of an object; and the first FM-CW or 
MF mixer is a first MF mixer for mixing MF transmission signals and reflected MF 
signals received by the first receiver to produce one or more first MF beat signals, 

1 5 each first MF beat signal relating to the distance to and the velocity' of an object. 

So, according to the second aspect of the present invention there is provided a ra- 
dar system for detection of one or more objects, said system comprising: a radar 
wave transmitter for simultaneously transmitting a CW radar signal and a MF radar 

20 signal; a first radar wave receiver for receiving CW and MF radar signals reflected 
from one or more objects present in a detection range of the radar system; a first 
CW mixer for mixing CW transmission signals and reflected CW signals received by 
the first receiver to produce one or more first CW beat signals, each first CW beat 
signal relating to the velocity of an object; and a first MF mixer for mixing MF trans- 

25 mission signals and reflected MF signals received by the first receiver to produce 
one or more first MF beat signals, each first MF beat signal relating to the distance 
to and the velocity of an object. 

It is preferred that the radar system of the invention further comprises a second ra- 
30 dar wave receiver for receiving reflected CW and FM-CW or MF radar signals. Here, 
the first and second receivers may be arranged in the same plane. It is also within a 
preferred embodiment that at least the first and the second radar wave receivers are 
arranged along a first receiver direction. It is also preferred that the radar system of 
the invention further comprises a third radar wave receiver for receiving reflected 
35 CW and FM-CW or MF radar signals, where the first, second and third receivers 
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may be arranged in the same plane. The radar system may also comprises a fourth 
radar wave receiver for receiving reflected CW and FM-CW or MF radar signals, 
where the first, second, third and fourth receivers may be arranged in the same 
plane. 

5 

For a radar system of the invention having more than one receiver it is within a pre- 
ferred embodiment that at least two receivers are arranged along the first receiver 
direction and at least two receivers are arranged along a second receiver direction, 
10 said first receiver direction being different to the second receiver direction. Here, the 
first and second receiver directions may be substantially perpendicular to each 
other. 

It should be understood that it is also within the present invention that when the ra- 
1 5 dar system comprises two or more radar wave receivers, the system may further 
comprise corresponding CW mixers and FM-CW or MF mixers. 

Thus, when the system has a first CW mixer, a first FM-CW mixer and a second 
receiver, the system may further comprise a second CW mixer for mixing CW 

20 transmission signals and reflected CW signals received by the second receiver to 

produce one or more second CW beat signals, each second CW beat signal relating 
to the velocity of an object, and a second FM-CW mixer for mixing FM-CW trans- 
mission signals and reflected FM-CW signals received by the second receiver to 
produce one or more second FM-CW beat signals, each second FM-CW beat signal 

25 relating to the distance to and the velocity of an object. When the system also has a 
third receiver, it may further comprise a third CW mixer for mixing CW transmission 
signals and reflected CW signals received by the third receiver to produce one or 
more third CW beat signals, each third CW beat signal relating to the velocity of an 
object, and a third FM-CW mixer for mixing FM-CW transmission signals and re- 

30 fleeted FM-CW signals received by the third receiver to produce one or more third 
FM-CW beat signals, each third FM-CW beat signal relating to the distance to and 
the velocity of an object. When the system further has a fourth receiver, it may also 
comprise a fourth CW mixer for mixing CW transmission signals and reflected CW 
signals received by the fourth receiver to produce one or more fourth CW beat sig- 

35 nals, each fourth CW beat signal relating to the velocity of an object, and a fourth 
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FM-CW mixer for mixing FM-CW transmission signals and reflected FM-CW signals 
received by the fourth receiver to produce one or more fourth FM-CW beat signals, 
each fourth FM-CW beat signal relating to the distance to and the velocity of an ob- 
ject. 

5 

For systems of the invention comprising a CW mixer for producing a CW beat sig- 
nal, the system may further comprise means for determining an object velocity or a 
relative object velocity of one or more objects based on at least part of the produced 
CW beat signals. It is within a preferred embodiment of the system that for each CW 

10 mixer there is corresponding transforming means for taking the Fourier transform of 
the beat signal(s) from said CW mixer. Here, the system may further comprise 
means for summing the Fourier transformed outputs corresponding to each of said 
CW mixer and for determining a number of CW peak frequencies from the summed 
Fourier transformed CW signals. The system may further comprise means for de- 

15 termining a CW object velocity based on a selected CW peak frequency, said CW 
object velocity corresponding to the velocity or the relative velocity of an object pro- 
viding a Doppler frequency corresponding to the selected CW peak frequency. 

For systems of the invention comprising one or more FM-CW mixers for producing 
20 corresponding FM-CW beat signals, it is preferred that for each FM-CW mixer there 
is corresponding transforming means for taking the Fourier transform of the beat 
signal(s) from said FM-CW mixer. Also here, the system may further comprise 
means for summing the Fourier transformed outputs corresponding to each of said 
FM-CW mixers and for determining a number of FM-CW peak frequencies from the 
25 summed Fourier transformed FM-CW signals. 

According to an embodiment of the system of the invention, the radar wave transmit- 
ter is adapted for transmitting a FM-CW radar signal having a triangular waveform 
with the frequency being increased at a given first rate and decreased at said first 

30 rate, and wherein the radar system comprises: means for selecting from the deter- 
mined FM-CW peak frequencies a pair of FM-CW peak frequencies corresponding 
to consecutive up- and down ramps of the transmitted FM-CW signal; means for 
determining a FM-CW object velocity based on the selected pair of FM-CW peak 
frequencies; means for comparing the determined FM-CW object velocity with one 

35 or more determined CW object velocities to thereby obtain a CW peak frequency 
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corresponding to the selected pair of FM-CW peak frequencies; and means for de- 
termining an object distance from the selected pair of FM-CW peak frequencies or 
from the corresponding CW peak frequency and at least one of the selected pair of 
FM-CW peak frequencies. 

5 

For systems of the invention having at least two radar wave receivers, the system 
may further comprise means for detecting phase differences between corresponding 
reflected CW or FM-CW radar signals received by at least two different radar wave 
receivers. 

10 

For systems of the invention having receivers arranged along the first receiver direc- 
tion, the system may further comprise one or more phase detectors for detecting, 
based at least partly on corresponding radar signals received by the receivers along 
the first receiver direction, one or more time or phase differences relating to a first 

1 5 object angular direction. For systems of the invention having receivers arranged 

along the first and second receiver directions, the system may further comprise one 
or more phase detectors for detecting, based at least partly on corresponding radar 
signals received by the receivers along the second receiver direction, one or more 
time or phase differences relating to a second object angular direction. For systems 

20 of the invention having one or more phase detectors, one or more of said phase 

detectors may be adapted for determining a phase difference based on at least two 
Fourier transformed outputs representing received radar signals corresponding to at 
least two receivers arranged along the same receiver direction, said received radar 
signals corresponding to the same transmitted radar signal. 

25 

According to an embodiment of the radar system of the invention at least two re- 
ceivers are arranged horizontally besides each other. Hereby, a detected time or 
phase difference between corresponding radar signals received by the two horizon- 
tally arranged receivers may relate to an azimuth phase difference. It is also within 

30 an embodiment of the invention that at least two receivers are arranged vertically 
above each other. Hereby, a detected time or phase difference between corre- 
sponding radar signals received by the two vertically arranged receivers may relate 
to an elevation phase difference. Thus, it is preferred that the radar system may 
have at least three radar receivers, with a first and a second receiver arranged hori- 

35 zontally besides each other, and a third receiver arranged vertically below the first or 
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second receiver. It is further preferred that the radar system may have at least four 
receivers, with the first and second receivers being arranged horizontally besides 
each other, the third and fourth receivers being arranged horizontally besides each 
other, and with the third and fourth receivers being arranged vertically below the first 
5 and second receivers, respectively. 

For systems of the invention having receivers arranged along the first receiver direc- 
tion, then at least two receivers may be arranged along the first receiver direction, 
and the phase detecting means may be adapted to determine a first phase differ- 

10 ence between corresponding reflected CW or FM-CW radar signals received by said 
at least two radar wave receivers arranged along the first receiver direction, said first 
phase difference relating to a first object angular direction. Here, the phase detect- 
ing means may be adapted to determine the first phase difference from at least two 
Fourier transformed outputs representing CW or FM-CW signals corresponding to 

15 the at least two receivers arranged along the first receiver direction. 

When the system has two receivers arranged horizontally besides each other, the 
phase detecting means may be adapted to determine an azimuth phase difference 
between corresponding reflected CW or FM-CW radar signals received by said two 
20 horizontally arranged radar wave receivers. Here, the phase detecting means may 
be adapted to determine an azimuth phase difference between two Fourier trans- 
formed outputs representing CW or FM-CW signals corresponding to the two hori- 
zontally aligned receivers. 

25 For systems of the invention having receivers arranged along the first and second 
receiver directions, then at least two receivers may be arranged along the second 
receiver direction, and the phase detecting means may be adapted to determine a 
second phase difference between corresponding reflected CW or FM-CW radar sig- 
nals received by said at least two radar wave receivers arranged along the second 

30 receiver direction, said second phase difference relating to a second object angular 
direction. Here, the phase detecting means may be adapted to determine the sec- 
ond phase difference from at least two Fourier transformed outputs representing CW 
or FM-CW signals corresponding to the at least two receivers arranged along the 
second receiver direction. 
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When the system has two receivers arranged vertically above each other, the phase 
detecting means may be adapted to determine an elevation phase difference be- 
tween corresponding reflected CW or FM-CW radar signals received by said two 
vertically arranged radar wave receivers. Here, the phase detecting means may be 
5 adapted to determine an elevation phase difference between two Fourier trans- 
formed outputs representing CW or FM-CW signals corresponding to the two verti- 
cally aligned receivers. 

For systems of the invention having at least two radar wave receivers and means for 
10 detecting phase differences between corresponding reflected CW or FM-CW radar 
signals received by two different radar wave receivers, it is preferred that the phase 
detecting means are adapted to determine a phase difference between two Fourier 
transformed outputs corresponding to a selected CW peak frequency, and to deter- 
mine a phase difference between two Fourier transformed outputs corresponding to 
15 a selected FM-CW peak frequency. 

For systems of the invention having four radar wave receivers with the first and sec- 
ond receivers being arranged horizontally besides each other, the third and fourth 
receivers being arranged horizontally besides each other, and with the third and 

20 fourth receivers being arranged vertically below the first and second receivers, re- 
spectively, it is preferred that the phase detecting means are adapted to determine 
an azimuth phase difference between the sum of the two Fourier transformed out- 
puts corresponding to the first and third receivers and the sum of the two Fourier 
transformed outputs corresponding to the second and fourth receivers. It is further- 

25 more preferred that the phase detecting means are adapted to determine an eleva- 
tion phase difference between the sum of the two Fourier transformed outputs cor- 
responding to the first and second receivers and the sum of the two Fourier trans- 
formed outputs corresponding to the third and fourth receivers. 

30 For systems of the invention having phase detecting means and receivers arranged 
along the first and second receiver directions it is preferred that the phase detecting 
means are adapted to determine first and second phase differences for Fourier 
transformed outputs corresponding to a selected CW peak frequency, and for Fou- 
rier transformed outputs corresponding to a selected FM-CW peak frequency. 
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For systems of the invention having phase detecting means, it is preferred that the 
phase detecting means are adapted to determine azimuth and elevation phase dif- 
ferences for Fourier transformed outputs corresponding to a selected CW peak fre- 
quency, and/or for Fourier transformed outputs corresponding to a selected FM-CW 
5 peak frequency. 

For systems of the invention having phase detecting means, the system may further 
comprise means for establishing and maintaining one or more CW track records 
corresponding to one or more objects, each track record comprising a number of 
0 detected CW peak frequencies as a function of time and further holding information 
of first and second angular directions as a function of time determined from meas- 
urements of corresponding first and second phase differences, or further holding 
information of azimuth and elevation angles as a function of time determined from 
corresponding azimuth and elevation phase measurements. 

5 

It is within an embodiment of the invention that the system further comprises predict- 
ing means for, based on a selected track record holding CW peak frequency infor- 
mation and information of first and second angular directions as a function of time, 
predicting for an object corresponding to said selected track record expected CW 
peak frequencies and information of first and second angular directions at a required 
time posterior to the time of the last stored peak frequency information of said se- 
lected track record. 

It is also within an embodiment of the invention that the system comprises predicting 
means for, based on a selected track record holding CW peak frequency information 
and azimuth and elevation angle information as a function of time, predicting for an 
object corresponding to said selected track record expected CW peak frequencies 
and azimuth and elevation angle information at a required time posterior to the time 
of the last stored peak frequency information of said selected track record. 

It is also preferred that the system further comprises means for establishing and 
maintaining one or more FM-CW track records corresponding to one or more ob- 
jects, each track record comprising a number of detected FM-CW peak frequencies 
as a function of time and further holding information of first and second angular di- 
rections as a function of time determined from measurements of corresponding first 
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and second phase differences, or further holding information of azimuth and eleva- 
tion angles as a function of time determined from corresponding azimuth and eleva- 
tion phase measurements. 

5 It is within an embodiment of the invention that the system further comprises predict- 
ing means for, based on a selected track record holding FM-CW peak frequency 
information and information of first and second angular directions as a function of 
time, predicting for an object corresponding to said selected track record expected 
FM-CW peak frequencies and first and second angular information at a required 
1 0 time posterior to the time of the last stored peak frequency information of said se- 
lected track record. 

It is also within an embodiment of the invention that the system further comprises 
predicting means for, based on a selected track record holding FM-CW peak fre- 
15 quency information and azimuth and elevation angle information as a function of 
time, predicting for an object corresponding to said selected track record expected 
FM-CW peak frequencies and azimuth and elevation angle information at a required 
time posterior to the time of the last stored peak frequency information of said se- 
lected track record. 

20 

The system may furthermore comprise means for selecting from the CW track re- 
cords and the FM-CW track records one or more pairs of CW and FM-CW peak fre- 
quencies having corresponding first and second angular directions or corresponding 
azimuth and elevation angles, and for determining from an obtained pair of CW and 
25 FM-CW peak frequencies an object velocity and a corresponding object distance. 

For systems having means for determining object velocities and corresponding ob- 
ject distances, the system may further comprise means for establishing and main- 
taining one or more track records holding combined CW and FM-CW peak fre- 

30 quency information as a function of time for one or more objects having a velocity 
and distance determined from a pair of previously measured CW and/or FM-CW 
peak frequencies having corresponding velocities. Here, the system may further 
comprise predicting means for, based on a selected track record holding combined 
CW and FM-CW peak frequency information as a function of time, predicting for an 

35 object corresponding to said selected track record expected CW and FM-CW peak 
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frequencies at a required time posterior to the time of the last stored peak frequency 
information of said selected track record. 

The system may also or alternatively comprise means for establishing and maintain- 
5 ing one or more track records holding combined CW and FM-CW peak frequency 
information and information of first and second angular directions as a function of 
time for one or more objects having a velocity and distance determined from a pair 
of previously measured CW and FM-CW peak frequencies having corresponding 
first and second angular directions. Here, the system may further comprise means 

10 for, based on a selected track record holding combined CW and FM-CW peak fre- 
quency information and information of first and second angular directions as a func- 
tion of time, predicting for an object corresponding to said selected track record ex- 
pected CW and FM-CW peak frequencies and information of first and second angu- 
lar directions at a required time posterior to the time of the last stored peak fre- 

15 quency information of said selected track record. 

The system may also or alternatively comprise means for establishing and maintain- 
ing one or more track records holding combined CW and FM-CW peak frequency 
information and azimuth and elevation angle information as a function of time for 

20 one or more objects having a velocity and distance determined from a pair of previ- 
ously measured CW and FM-CW peak frequencies having corresponding azimuth 
and elevation angles. Here, the system may comprise means for, based on a se- 
lected track record holding combined CW and FM-CW peak frequency information 
and azimuth and elevation angle information as a function of time, predicting for an 

25 object corresponding to said selected track record expected CW and FM-CW peak 
frequencies and azimuth and elevation angle information at a required time posterior 
to the time of the last stored peak frequency information of said selected track re- 
cord. 

30 According to the present invention there is also provided a method of radar detec- 
tion of one or more objects, said method comprising: simultaneously transmitting a 
CW radar signal and a FM-CW or MF radar signal, and receiving, via a first radar 
receiver, reflected CW and FM-CW or MF radar signals reflected from one or more 
object present in a detection range of the radar system. 
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Also here, the transmitted MF radar signal may alternate between two or more sig- 
nal frequencies. 

It is preferred that the method of the invention further comprises: mixing, via a first 
5 CW mixer, CW transmission signals and reflected CW signals received by the first 
receiver, and mixing, via a first FM-CW or MF mixer, FM-CW or MF transmission 
signals and corresponding reflected FM-CW or MF signals received by the first re- 
ceiver. 

1 0 Here, according to the first aspect of the invention, it is preferred that the CW radar 
signal is transmitted simultaneously with a FM-CW radar signal; the receiving step 
comprises receiving CW and FM-CW radar signals reflected from one or more ob- 
jects present in a radar detection range; the CW transmission signals and reflected 
CW signals received by the first receiver are mixed, via the first CW mixer, to pro- 

15 duce one or more first CW beat signals, each first CW beat signal relating to the 
velocity of an object; and the FM-CW transmission signals and reflected FM-CW 
signals received by the first receiver are mixed, via a first FM-CW mixer, to produce 
one or more first FM-CW beat signals, each first FM-CW beat signal relating to the 
distance to and the velocity of an object. 

20 

So, according to the first aspect of the invention there is provided a method of radar 
detection of one or more objects, said method comprising: simultaneously transmit- 
ting a CW radar signal and a FM-CW radar signal; receiving, via a first radar re- 
ceiver, reflected CW and FM-CW radar signals reflected from an object present in a 

25 radar detection range; mixing, via a first CW mixer, CW transmission signals and 
reflected CW signals to produce one or more first CW beat signals, each first CW 
beat signal relating to the velocity of an object; and mixing, via a first FM-CW mixer, 
FM-CW transmission signals and reflected FM-CW signals to produce one or more 
first FM-CW beat signals, each first FM-CW beat signal relating to the distance and 

30 the velocity of an object. 

For methods of the invention having simultaneously transmission of a CW radar 
signal and a FM-CW radar signal, the transmitted FM-CW radar signal may be a 
saw-tooth or ramp modulated signal. Here, the ramp modulated signal may have an 
35 up-ramp waveform with an increase in frequency during the up-ramp period or a 
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down-ramp waveform with a decrease in frequency during the down ramp period. 
Alternatively, the transmitted FM-CW radar signal may have a triangular shaped 
waveform with up-ramp periods having an increase in frequency and down-ramp 
periods having a decrease in frequency. 

5 

According to the second aspect of the invention, it is preferred that the CW radar 
signal is transmitted simultaneously with a MF radar signal; the receiving step com- 
prises receiving CW and MF radar signals reflected from one or more objects pre- 
sent in a detection range of the radar system; the CW transmission signals and re- 

10 fleeted CW signals received by the first receiver are mixed, via the first CW mixer, to 
produce one or more first CW beat signals, each first CW beat signal relating to the 
velocity of an object; and the MF transmission signals and reflected the MF signals 
received by the first receiver are mixed, via a first MF mixer, to produce one or more 
first MF beat signals, each first MF beat signal relating to the distance to and the 

1 5 velocity of an object. 

So, according to the second aspect of the invention there is provided a method of 
radar detection of one or more objects, said method comprising: simultaneously 
transmitting a CW radar signal and a MF radar signal; receiving, via a first radar 

20 wave receiver, reflected CW and MF radar signals reflected from one or more ob- 
jects present in a radar detection range; mixing, via a first CW mixer, CW transmis- 
sion signals and reflected CW signals received by the first receiver to produce one 
or more first CW beat signals, each first CW beat signal relating to the velocity of an 
object; and mixing, via a first MF mixer, MF transmission signals and reflected MF 

25 signals received by the first receiver to produce one or more first MF beat signals, 
each first MF beat signal relating to a distance to and the velocity of an object. 

It is preferred that the method of the invention further comprises receiving, via a 
second radar receiver, said reflected CW and FM-CW or MF radar signals. Also 

30 here, the first and second receivers may be arranged in the same plane. It is pre- 
ferred that at least the first and second receivers are arranged along a first receiver 
direction. It is also preferred that the method of the invention further comprises re- 
ceiving, via a third radar wave receiver, said reflected CW and FM-CW or MF radar 
signals, where the first, second and third receivers may be arranged in the same 

35 plane. The method may also further comprise receiving, via a fourth radar wave re- 
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ceiver, said reflected CW and FM-CW or MF radar signals, where the first, second, 
third and fourth receivers may be arranged in the same plane. 

According to an embodiment of the invention, the method may use at least two re- 
5 ceivers being arranged along the first receiver direction and at least two receivers 
being arranged along a second receiver direction, said first receiver direction being 
different to the second receiver direction. Also here, the first and second receiver 
directions may be substantially perpendicular to each other. 

10 For a method according to the first aspect of the invention using a first CW mixer, a 
first FM-CW mixer, and a second receiver, said method may further comprise: mix- 
ing, via a second CW mixer, CW transmission signals and reflected CW signals re- 
ceived by the second receiver to produce one or more second CW beat signals, 
each second CW beat signal relating to the velocity of an object; and mixing, via a 

15 second FM-CW mixer, FM-CW transmission signals and reflected FM-CW signals 
received by the second receiver to produce one or more second FM-CW beat sig- 
nals, each second FM-CW beat signal relating to the distance to and the velocity of 
an object. For a method further using a third receiver, said method may further com- 
prise: mixing, via a third CW mixer, CW transmission signals and reflected CW sig- 

20 nals received by the third receiver to produce one or more third CW beat signals, 

each third CW beat signal relating to the velocity of an object; and mixing, via a third 
FM-CW mixer, FM-CW transmission signals and reflected FM-CW signals received 
by the third receiver to produce one or more third FM-CW beat signals, each third 
FM-CW beat signal relating to the distance to and the velocity of an object. For a 

25 method using a fourth receiver, the method may further comprise: mixing, via a 

fourth CW mixer, CW transmission signals and reflected CW signals received by the 
fourth receiver to produce one or more fourth CW beat signals, each CW beat signal 
relating to the velocity of an object; and a fourth FM-CW mixer for mixing FM-CW 
transmission signals and reflected FM-CW signals received by the fourth receiver to 

30 produce one or more fourth FM-CW beat signals, each fourth FM-CW signal relating 
to the distance to and the velocity of an object. 

For a method of the invention using one or more CW mixers for producing corre- 
sponding CW beat signals, the method may further comprise determining an object 
35 velocity or a relative object velocity of one or more objects based on at least part of 
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the produced CW beat signals. It is also preferred that for a method of the invention 
using one or more CW mixers for producing corresponding CW beat signals the 
method may comprise taking the Fourier transform of the beat signals from each 
CW mixer. Here, the method may further comprise summing the Fourier trans- 
5 formed outputs corresponding to each of said CW mixer, and determining a number 
of CW peak frequencies from the summed Fourier transformed CW signals. It is 
within an embodiment of the invention that the method further comprises determin- 
ing a CW object velocity based on a selected CW peak frequency, said CW object 
velocity corresponding to the velocity or the relative velocity of an object providing a 
10 Doppler frequency corresponding to the selected CW peak frequency. 

For a method of the invention using one or more FM-CW mixers for producing cor- 
responding FM-CW beat signals, the method may further comprise taking the Fou- 
rier transform of the beat signals from each FM-CW mixer. Also here, the method 
1 5 may further comprise summing the Fourier transformed outputs corresponding to 

each of said FM-CW mixer, and determining a number of FM-CW peak frequencies 
from the summed Fourier transformed FM-CW signals. 

According to an embodiment of a method of the first aspect of the invention, the 
20 transmitted FM-CW radar signal has a triangular waveform with the frequency being 
increased at a given first rate and decreased at said first rate, and the method fur- 
ther comprises: selecting from the determined FM-CW peak frequencies a pair of 
FM-CW peak frequencies corresponding to consecutive up- and down ramps of the 
transmitted FM-CW signal; determining a FM-CW object velocity based on the se- 
25 lected pair of FM-CW peak frequencies; comparing the determined FM-CW object 
velocity with one or more determined CW object velocities to thereby obtain a CW 
peak frequency corresponding to the selected pair of FM-CW peak frequencies; and 
determining an object distance from the selected pair of FM-CW peak frequencies or 
from the corresponding CW peak frequency and at least one of the selected pair of 
30 FM-CW peak frequencies. 

For a method of the invention using at least two radar receivers it is within an em- 
bodiment of the invention that the method further comprises detecting phase differ- 
ences between corresponding reflected CW or FM-CW radar signals received by 
35 two different radar wave receivers. 
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For a method of the invention using at least two receivers arranged along the first 
receiver direction, said method may further comprise detecting a time or phase dif- 
ference between corresponding radar signals received by at least two of the receiv- 
ers arranged along the first receiver direction, said time or phase difference relating 
to a first angular direction. For a method of the invention using at least two receivers 
arranged along the second receiver direction, said method may further comprise 
detecting a time or phase difference between corresponding radar signals received 
by at least two of the receivers arranged along the second receiver direction, said 
time or phase difference relating to a second angular direction. It is preferred that 
the detection of a time or phase difference is based on at least two Fourier trans- 
formed outputs representing received radar signals corresponding to at least two 
receivers arranged along the same receiver direction, said received radar signals 
corresponding to the same transmitted radar signal. 

According to a preferred embodiment, the method may use at least two receivers 
being arranged horizontally besides each other, and the method may further com- 
prise: detecting a time or phase difference between corresponding radar signals 
received by the two horizontally arranged receivers, whereby the detected time or 
phase difference of the horizontally arranged receivers may relate to an azimuth 
phase difference. It is also within an embodiment of the method of the invention that 
at least two receivers are arranged vertically above each other, and the method fur- 
ther comprises: detecting a time or phase difference between corresponding radar 
signals received by the two vertically arranged receivers, whereby the detected time 
or phase difference of the vertically arranged receivers may relate to an elevation 
phase difference. Thus, it is preferred that the radar system used for the method of 
the invention may have at least three radar receivers, with a first and a second re- 
ceiver arranged horizontally besides each other, and a third receiver arranged verti- 
cally below the first or second receiver. It is further preferred that the radar system 
may have at least four receivers, with the first and second receivers being arranged 
horizontally besides each other, the third and fourth receivers being arranged hori- 
zontally besides each other, and with the third and fourth receivers being arranged 
vertically below the first and second receivers, respectively. 
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For a method of the invention using at least two radar receivers, at least two receiv- 
ers may be arranged along the first receiver direction, and the detection of phase 
differences may comprise determining a first phase difference between correspond- 
ing reflected CW or FM-CW radar signals received by said at least two radar wave 
5 receivers arranged along the first receiver direction, said first phase difference relat- 
ing to a first object angular direction. Here, the detection of phase differences may 
comprise determining the first phase difference from at least two Fourier trans- 
formed outputs representing CW or FM-CW signals corresponding to at least two of 
the receivers arranged along the first receiver direction. 

10 

The method of the invention also covers embodiments wherein two receivers may 
be arranged horizontally besides each other, and the detection of phase differences 
may comprise determining an azimuth phase difference between corresponding 
reflected CW or FM-CW radar signals received by said two horizontally arranged 
15 radar wave receivers. It is preferred that the detecting of phase differences com- 
prises determining an azimuth phase difference between two Fourier transformed 
outputs representing CW or FM-CW signals corresponding to the two horizontally 
aligned receivers. 

20 For a method of the invention using at least two receivers arranged along the sec- 
ond receiver direction, the detection of phase differences may comprise determining 
a second phase difference between corresponding reflected CW or FM-CW radar 
signals received by said at least two radar wave receivers arranged along the sec- 
ond receiver direction, said second phase difference relating to a second object an- 

25 gular direction. Here, the detection of phase differences may comprise determining 
the second phase difference from at least two Fourier transformed outputs repre- 
senting CW or FM-CW signals corresponding to at least two of the receivers along 
the second direction. 

30 It is also within the present invention that two receivers are arranged vertically above 
each other, and the detection of phase differences comprises determining an eleva- 
tion phase difference between corresponding reflected CW or FM-CW radar signals 
received by said two vertically arranged radar wave receivers. Here, the detecting of 
phase differences may comprise determining an elevation phase difference between 
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two Fourier transformed outputs representing CW or FM-CW signals corresponding 
to the two vertically aligned receivers. 

For a method of the invention using at least two radar receivers and comprising de- 
5 tecting phase differences between corresponding reflected CW or FM-CW radar 

signals received by two different radar wave receivers, it is preferred that the detect- 
ing of phase differences comprises determining a phase difference between two 
Fourier transformed outputs corresponding to a selected CW peak frequency, and 
determining a phase difference between two Fourier transformed outputs corre- 
10 sponding to a selected FM-CW peak frequency. 

For methods of the invention using four radar wave receivers with the first and sec- 
ond receivers being arranged horizontally besides each other, the third and fourth 
receivers being arranged horizontally besides each other, and with the third and 

15 fourth receivers being arranged vertically below the first and second receivers, re- 
spectively, it is preferred that the detecting of phase differences comprises determin- 
ing an azimuth phase difference between the sum of the two Fourier transformed 
outputs corresponding to the first and third receivers and the sum of the two Fourier 
transformed outputs corresponding to the second and fourth receivers. It is further 

20 preferred that the detecting of phase differences comprises determining an elevation 
phase difference between the sum of the two Fourier transformed outputs corre- 
sponding to the first and second receivers and the sum of the two Fourier trans- 
formed outputs corresponding to the third and fourth receivers. 

25 For methods of the invention comprising detecting of phase differences, it is within 
an embodiment of the invention that the detection of phase differences comprises 
determining first and second phase differences for Fourier transformed outputs cor- 
responding to a selected CW peak frequency, and for Fourier transformed outputs 
corresponding to a selected FM-CW peak frequency. 

30 

For methods of the invention comprising detecting of phase differences, it is also 
within an embodiment of the invention that the detecting of phase differences com- 
prises determining azimuth and elevation phase differences for Fourier transformed 
outputs corresponding to a selected CW peak frequency, and for Fourier trans- 
35 formed outputs corresponding to a selected FM-CW peak frequency. 
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Here, the method may further comprise establishing and maintaining one or more 
CW track records corresponding to one or more objects, each track record compris- 
ing a number of detected CW peak frequencies as a function of time and further 
5 holding information of first and second angular directions as a function of time de- 
termined from measurements of corresponding first and second phase differences, 
or further holding information of azimuth and elevation angles as a function of time 
determined from corresponding azimuth and elevation phase measurements. 

10 It is within an embodiment of the invention that the method further comprises, based 
on a selected track record holding CW peak frequency information and information 
of first and second angular directions as a function of time, predicting for an object 
corresponding to said selected track record expected CW peak frequencies and 
information of first and second angular directions at a required time posterior to the 

1 5 time of the last stored peak frequency information of said selected track record. 

It is also within an embodiment of the invention that the method further comprises, 
based on a selected track record holding CW peak frequency information and azi- 
muth and elevation angle information as a function of time, predicting for an object, 
20 which object corresponds to said selected track record, expected CW peak frequen- 
cies and azimuth and elevation angle information at a required time posterior to the 
time of the last stored peak frequency information of said selected track record. 

It is also preferred that the method comprises establishing and maintaining one or 
25 more FM-CW track records corresponding to one or more objects, each track record 
comprising a number of detected FM-CW peak frequencies as a function of time and 
further holding information of first and second angular directions as a function of 
time determined from measurements of corresponding first and second phase dif- 
ferences, or further holding information of azimuth and elevation angles as a func- 
30 tion of time determined from corresponding azimuth and elevation phase measure- 
ments. 

The method may further comprise, based on a selected track record holding FM-CW 
peak frequency information and information of first and second angular directions as 
35 a function of time, predicting for an object corresponding to said selected track re- 



WO 2005/098471 



PCT/DK2005/000230 



21 

cord expected FM-CW peak frequencies and information of first and second angular 
directions at a required time posterior to the time of the last stored peak frequency 
information of said selected track record. 

5 It is also within an embodiment of the invention that the method further may com- 
prise, based on a selected track record holding FM-CW peak frequency information 
and azimuth and elevation angle information as a function of time, predicting for an 
object, which object corresponds to said selected track record, expected FM-CW 
peak frequencies and azimuth and elevation angle information at a required time 
1 0 posterior to the time of the last stored peak frequency information of said selected 
track record. 

The method may furthermore comprise selecting from the CW track records and the 
FM-CW track records one or more pairs of CW and FM-CW peak frequencies hav- 
15 ing corresponding first and second angular directions or corresponding azimuth and 
elevation angles, and determining from an obtained pair of CW and FM-CW peak 
frequencies an object velocity and a corresponding object distance. 

For a method comprising determination of object velocities and corresponding object 
distances, the method may further comprise establishing and maintaining one or 
more track records holding combined CW and FM-CW peak frequency information 
as a function of time for one or more objects having a velocity and distance deter- 
mined from a pair of previously measured CW and/or FM-CW peak frequencies hav- 
ing corresponding velocities. Here, the method may further comprise, based on a 
selected track record holding combined CW and FM-CW peak frequency information 
as a function of time, predicting for an object, which object corresponds to said se- 
lected track record, expected CW and FM-CW peak frequencies at a required time 
posterior to the time of the last stored peak frequency information of said selected 
track record. 
30 

The method may also or alternatively comprise establishing and maintaining one or 
more track records holding combined CW and FM-CW peak frequency information 
and information of first and second angular directions as a function of time for one or 
more objects having a velocity and distance determined from a pair of previously 
35 measured CW and FM-CW peak frequencies having corresponding first and second 
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angular directions. Here, the method may further comprise, based on a selected 
track record holding combined CW and FM-CW peak frequency information and 
information of first and second angular directions as a function of time, predicting for 
an object corresponding to said selected track record expected CW and FM-CW 
5 peak frequencies and information of first and second angular directions at a required 
time posterior to the time of the last stored peak frequency information of said se- 
lected track record. 

Furthermore, the method may also or alternatively comprise establishing and main- 
10 taining one or more track records holding combined CW and FM-CW peak fre- 
quency information and azimuth and elevation angle information as a function of 
time for one or more objects having a velocity and distance determined from a pair 
of previously measured CW and FM-CW peak frequencies having corresponding 
azimuth and elevation angles. Here, the method may further comprise, based on a 
15 selected track record holding combined CW and FM-CW peak frequency information 
and azimuth and elevation angle information as a function of time, predicting for an 
object, which object corresponds to said selected track record, expected CW and 
FM-CW peak frequencies and azimuth and elevation angle information at a required 
time posterior to the time of the last stored peak frequency information of said se- 
20 lected track record. 

Other objects, features and advantages of the present invention will be more readily 
apparent from the detailed description of the preferred embodiments set forth below, 
taken in conjunction with the accompanying drawings. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1a, 1b and 1c are block diagrams illustrating a transmitter and a receiver of a 
combined CW and FM-CW radar system according to an embodiment of the present 
30 invention, 

Fig. 2 shows a radar wave receiver according to an embodiment of the invention 
having 4 receive antenna channels, 
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Figs. 3a and 3b are graphs showing the relative frequency spectrum of transmitted 
and received radar wave according to an embodiment of the invention, 

Figs. 4a and 4b are graphs showing relations between waves transmitted and re- 
5 ceived by a radar system and beat signals for a static target and a moving target, 
when the transmitted signal is a ramp modulated FW-CW radar signal, 

Figs. 5a and 5b are graphs showing relations between waves transmitted and re- 
ceived by a radar system and beat signals for a static target and a moving target, 
10 when the transmitted signal is a triangular modulated FW-CW radar signal, 

Figs. 6a, and 6b are block diagrams illustrating the processing of received radar 
signals using a radar system with 4 receive antennas according to an embodiment 
of the present invention, 

15 

Figs. 7a and 7b illustrate peak frequencies for received CW signals and FM-CW 
signals obtained by the processing illustrated in Fig. 6, 

Fig. 8 illustrates a phase comparator for determining elevation and azimuth phase 
20 differences from received radar signals according to an embodiment of the present 
invention, 

Fig. 9 shows an object velocity table being part the processing of received FM-CW 
radar waves for a triangular shaped FM-CW waveform according to an embodiment 
25 of the present invention, 

Fig. 10 is a flowchart of a program for determining distances and velocity of radar 
detected objects for a triangular shaped FM-CW waveform according to an em- 
bodiment of the present invention, and 

30 

Fig. 1 1 is a flowchart illustrating a routine for obtaining a track record for radar de- 
tected objects holding information of detected CW and FM-CW peak frequencies 
and detected azimuth and elevation phase differences. 
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DETAILED DESCRIPTION OF THE INVENTION 

Fig. 1 is a block diagram showing a transmitter 110, Fig. 1a, and a receiver 120, Fig. 
1b, of a combined CW and FM-CW radar system according to an embodiment of the 
5 present invention. The transmitter 110 has two modulators, MOD-i and MOD 2 , con- 
trolling the output frequency of two voltage controlled oscillators, VCO^ and VC0 2 . 
Output from the first modulator, MOD 1t is fixed and therefore the output frequency of 
VCOi is also fixed at a frequency close to 10 GHz. Output from the second modula- 
tor , MOD 2 , is either an up-ramp, a down-ramp or a triangular signal. The second 

1 0 voltage controlled oscillator VC0 2 outputs a corresponding frequency modulated 

signal close to 10 GHz, where the frequencies of the output signal is sweeping over 
a range of 1-150 MHz. The output frequencies from VCOi and VC0 2 are separated 
by at least 1 MHz. The VC0 2 signal has a sweeping time or ramp repetition period T r 
in the range of 10-100 mS. The frequency modulated output signal of VC0 2 may be 

15 a ramp modulated signal, a triangular shaped signal having equal up-ramp and 

down-ramp time periods, or the VC0 2 signal may have different up-ramp and down- 
ramp time periods. According to a first preferred embodiment, the VC0 2 signal is a 
ramp modulated signal having a ramp repetition period T r of 20 mS, a bandwidth 
BW of 50 MHz and a centre frequency of 50 MHz. According to a second preferred 

20 embodiment, the VC0 2 output signal is a triangular modulated signal having an up- 
ramp and a down-ramp period T r of 20 mS, a bandwidth BW of 50 MHz and a centre 
frequency of 50 MHz. 

Output from the first voltage controlled oscillator, VCOi, is fed into a band pass filter, 
25 BPF 1} in order to remove unwanted frequency components. The output signal of 
BPF<i, LOi, is a continuous wave, CW, radio frequency signal, which is fed through 
an adder 101, and amplified by an amplifier, 102, and emitted as a CW radar signal 
via an antenna 103. 

30 Output from the second voltage controlled oscillator, VC0 2 , is fed into a band pass 
filter, BPF 2 , in order to remove unwanted frequency components. The output signal 
of BPF 2 , L0 2 , is a frequency modulated-continuous wave, FM-CW, radio frequency 
signal, which is fed through the adder 101, and amplified by the amplifier, 102, and 
emitted as a FM-CW radar signal via the antenna 103. 
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The receiver channel 120 includes an antenna 121 for receiving reflected radar sig- 
nals with the output of the antenna being fed to a band pass filter 122, where the 
output of the filter 122 is amplified via an amplifier 123. The output signal of the am- 
plifier 123 is a radio frequency signal, RF, about the 10 GHz, which is fed to two IQ 
5 mixers, IQ MIXi and IQ MIX 2 . Here, IQ MDO, is a CW mixer, which mixes the trans- 
mitted CW signal, L0 1? with the received RF signal. The low frequency components 
of the output contain the beat signals relating to the velocities of the objects reflect- 
ing the CW signal. Other frequency components are removed by the following band 
pass filters 124, 125. The IQ MIX 2 is a FM-CW mixer, which mixes the transmitted 
10 FM-CW signal, L0 2 , with the received RF signal. The low frequency components of 
the output contain the beat signals relating to the distance and velocity of the objects 
reflecting the FM-CW signal. Other frequency components are removed by the fol- 
lowing band pass filters 126, 127. 

15 An example of an IQ mixer is shown in more details in Fig. 1c. Here, the IQ mixer 

130 has two mixers 131, 132, each of which has as input the received RF signal and 
the transmitted CW or FM-CW signal. Furthermore, the IQ mixer 130 has an input 
LO, being either the LOi signal or the L0 2 signal, and via a phase shifter 133 the LO 
input is phase shifted about 90 degrees before being input to the mixer 132, when 

20 compared to the in-phase LO input to mixer 131. The resulting outputs are the in- 
phase output I from mixer 131 and the quadrature output Q from mixer 132. The 
mixers 131 and 132 shifts the input signals from the radio frequency range down to 
low frequencies, so that the output signals I and Q are in the 0 to 1 MHz range. 

25 For the CW mixer, IQ MIX 1? and the FM-CW mixer, IQ MIX 2 , of the receiver 120, the 
I and Q outputs are all filtered by corresponding band pass filters, 124, 125 and 126, 
127, to thereby obtain the outputs l 1f Q 1 and l 2 , Q 2 . 

Each of the frequency components of the signals at the outputs U and corre- 
30 sponds to a beat signal resulting from the frequency difference between the trans- 
mitted CW signal and the signal reflected by an object with a radial velocity v with 
respect to the antenna. 



WO 2005/098471 PCT/DK2005/000230 

26 

This frequency difference is originated by the Doppler effect induced by the velocity 
of the object, being the relation between this velocity and the frequency of the beat 

signal given by: / w = 2 • — — ( 1 ) 

where f cw is the the frequency of the beat signal (the Doppler shift), and A cw the 
5 wavelength of the transmitted CW signal. 

A spectral analysis of the signals at the outputs h and serves to determine the 
amount and frequency values of the beat signals contained in them. This is 
achieved in the preferred embodiment of the invention by digitising the signals at the 
10 outputs I-, and Qi, grouping them into (possibly) overlapping blocks of equal amount 
of samples and performing an FFT (Fast Fourier Transform) to each block of sam- 
ples. The frequency peaks observed in the resulting discrete spectra correspond to 
each of the beat signals present. 

1 5 Each of the frequency components of the signals at the outputs l 2 and Q 2 corre- 
sponds to a beat signal resulting from the frequency difference between the trans- 
mitted FM-CW signal and the signal reflected by an object with a radial velocity v 
and a distance R with respect to the antenna. 

20 This frequency difference is originated by linear frequency modulation of the trans- 
mitted signal and the Doppler effect induced by the velocity of the object, being the 
relation between the velocity and range of the object and the frequency of the beat 

2 R BW , 0 v , 9 , 
signal given by: f fm _ up = — + 2 ■ - W 

C 1,. A>fm 

for an up-ramp frequency modulation, and: 

2 R BW 0 v / 3 x 

oc f — h 2 \3) 

c L r A FM 

for a down-ramp frequency modulation, where f fmHJp and f fm _dw are the frequencies of 
the beat signals with respectively and up-ramp and a down-ramp frequency modula- 
tion, BW/T r is the sweep rate of the ramp, A FM is the wavelength corresponding to 
the centre frequency of the generated sweep, and c is the speed of light. 

30 

A spectral analysis of the signals at the outputs l 2 and Q 2 serves to determine the 
amount and frequency values of the beat signals contained in them. This is 
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achieved in the preferred embodiment of the invention by digitising the signals at the 
outputs l 2 and Q 2 , grouping them into (possibly) overlapping blocks of equal amount 
of samples and performing an FFT (Fast Fourier Transform) to each block of sam- 
ples. The frequency peaks observed in the resulting discrete spectra correspond to 
5 each of the beat signals present. 

When using a triangular waveform, it is possible to calculate the distance and radial 
velocity of an object if the frequencies of the FM-CW beat signals originated by this 
object in an up-ramp and a down-ramp section of the transmitted waveform are 
10 known simultaneously. In such case, the radial velocity and range of the object can 
be evaluated as: 

V = ™ ' ^"~ MP + ffi n ~ dw ) ^ 

^ = BW ~2 ' ^f fm ~ up ~~ ^ j ~ dw ) ® 
Expressions 4 and 5 assume that the radial velocity and range of the object remain 
15 constant for both ramps, which is already not true for the range if the radial velocity 
of the object is not null, it is therefore that, when dealing with objects with very high 
radial velocities, it is preferred to evaluate their range by making use of the expres- 
sion: 

f o N t 

(6) 



R- 1 * C 



J fm—np n J cw 

\ FM J 



BW 2 

20 when the frequencies of the beat signals originated by the object in the CW and FM- 
CW channels during and up-ramp are known simultaneously, or: 

* = ' * +~f« (7) 




BW 

in the case of a down-ramp. The radial velocity is then calculated as: 

v = ^f-f cw (8) 
25 for both kinds of ramp. 



The above expressions are especially suitable for a system like the one of the pre- 
sent invention, where a CW and an FM-CW signal are simultaneously transmitted, 
received and processed, and yield significantly more accurate results when the ob- 
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jects under observation present very high radial velocities with respect to the sys- 
tem. 

It should be noted that transmitter 110 and the receiver 120 may have separate an- 
tennas 103, 121, but they may also share a single, common antenna. In Fig. 1 there 
is shown one receive antenna channel 120 having a receive antenna 121, but by 
having several receive antenna channels, with the corresponding receive antennas 
arranged in the same plane, it is possible to detect phase differences between cor- 
responding reflected radar signals received by different receive antennas. For a pre- 
ferred radar system according to the present invention, there are two receive anten- 
nas arranged horizontally besides each other and two receive antennas arranged 
vertically above each other. This requires 3 receive antenna channels. However, in 
another preferred embodiment there are 4 receive antenna channels with the re- 
ceive antennas 1, 2, 3, 4 arranged as illustrated in Fig. 2. In Fig. 2, azimuth phase 
differences can be detected from the signals received by the horizontally arranged 
antennas 1 and 2 and similarly from the signals received by antennas 3 and 4. Ac- 
cordingly, elevation phase differences can be detected from the signals received by 
the vertically arranged antennas 1 and 3 and similarly from the signals received by 
antennas 2 and 4. The 4 receive antennas 1, 2, 3, 4 in Fig. 2 may be used as a sin- 
gle transmit antenna 1 03 for the transmitter 110. 

It should be understood that when performing a radar detection of an object accord- 
ing to the present invention using a radar system having a transmit antennae and 
one or more receive antennas arranged in the same plane and being arranged rela- 

25 tively close to each other, then an object velocity determined by the use of such a 
radar system relates to a radial velocity of the object. Furthermore, if the radar sys- 
tem is moving, then the object velocity relates to the relative, radial velocity of the 
object. The radial object velocity may be given as the velocity substantially in the 
direction of a line going from the centre of the object to the centre of the antenna 

30 system. 

The relationship between the angle of arrival of a reflected signal, and the phase 
difference between the signals received by two antennas separated by a known 
distance, is given by the expression: 
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<p = — 'd.sm{d) (9) 

where cp is the phase difference between the signals received by each antenna, d is 
the distance between the antennas, and 0 is the angle of incidence of the incoming 
signal with respect to the axis along which the antennas are aligned. The phase 
5 difference between the signals received by two sets of antennas arranged horizon- 
tally will yield the azimuth location with respect to the system of the object originat- 
ing such signal. The phase difference between two sets of antennas arranged verti- 
cally will provide the elevation location with respect to the system of the referred 
object. 

10 

Figs. 3a and 3b are graphs showing the relative frequency spectrum of the radar 
signal transmitted by the transmitter 110 and received by the receiver 120 for a 
static target or object, see Fig. 3a, and a moving target or object, see Fig. 3b. The 
transmitted spectrum consists of two signals, a CW and a FM-CW signal, whose 

15 Centre frequencies are denoted by f1 and f2 in the figure. The CW signal is a sinu- 
soid of constant amplitude and frequency. When this signal impinges on a moving 
target, the reflected signal collected by the receiver will be shifted in frequency with 
respect to the transmitted signal by an amount f d related to the radial velocity of the 
target with respect to the system. This is indicated in the figure by the dashed tone 

20 depicted in Fig. 3b. The FM-CW signal is sinusoid of constant amplitude whose fre- 
quency is modulated by either a saw-tooth or a triangle shaped signal, as shown in 
figures 4 and 5. If the product of the swept frequency range and the sweep time is 
sufficiently high, the frequency spectrum of the transmitted signal approximates a 
pedestal whose width is the swept frequency range. When the signal impinges on a 

25 moving target, the spectrum of the received signal will also be shifted in frequency 
by an amount similar to the one experienced by the CW signal. In Fig 3b, the trans- 
mitted FM-CW spectrum is outlined by a solid line, while that of the received signal 
is outlined by a dashed line. 

30 Figs. 4a and 4b are graphs showing relations between waves transmitted and re- 
ceived by the radar system 110, 120 and beat signals for a static target, see Fig. 4a, 
and a moving target, see Fig. 4b, when the transmitted signal is a ramp modulated 
FW-CW radar signal. For the moving target or object of Fig. 4b there is a Doppler 
frequency as indicated by f d and the frequency of the up-ramp beat signal f fnvup is 
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changed in accordance with the Doppler frequency f d . In Figs. 4a and 4b the band- 
width of the FM-CW signal is indicated by BW and the repetition period is indicated 
byT r . 

5 Figs. 5a and 5b are graphs showing relations between waves transmitted and re- 
ceived by the radar system 1 10, 120 and beat signals for a static target, see Fig. 5a, 
and a moving target, see Fig. 5b, when the transmitted signal is a triangular modu- 
lated FW-CW radar signal. For the moving target or object of Fig. 5b there is a Dop- 
pler frequency as indicated by f d and the frequency of the up-ramp beat signal f fm _ up 
1 0 is lowered in accordance with the Doppler frequency f d> while the frequency of the 
down-ramp beat signal f fm _ dw is increased in accordance with the Doppler frequency. 
In Figs. 5a and 5b the bandwidth of the FM-CW signal is indicated by BW and the 
up-ramp period, which is equal to the down-ramp period, is indicated by T r . 

15 When a single target or object is detected, a single frequency component of the beat 
signal appears for the CW signal and a single frequency component of the beat sig- 
nal appears for each of the frequency rising and frequency falling ranges of the FM- 
CW signal. However, when a plurality of objects are detected, beat signal frequency 
components of a number equal to the number of objects appear for the CW signal 

20 and for both the frequency rising and frequency falling ranges of the FM-CW signal. 

Figs. 6a, and 6b are block diagrams illustrating the processing of received radar 
signals using a radar system with 4 receive antennas and 4 corresponding receiver 
channels, with the 4 antennas being arranged as illustrated in Fig. 2. In Fig. 6a, the 

25 signals Ch1 U and Ch1 are the 11 and Q1 outputs from the first receiver channel, 
having frequency components corresponding to beat signals resulting from the fre- 
quency difference between the transmitted CW signal and reflected CW signals re- 
ceived by the first radar signal receiver. In the same way, the signals Ch2 h and 
Ch2 Q 1 are the 11 and Q1 outputs from the second receiver channel, the signals 

30 Ch3 U and Ch3 Q 1 are the 11 and Q1 outputs from the third receiver channel, and 
the signals Ch4 h and Ch4 Qi are the 11 and Q1 outputs from the fourth receiver 
channel. Each signals of the 4 pairs of 11 and Q1 signals are digitised by corre- 
sponding A/D converters, and the digitised Q1 signal is brought on the imaginary 
form jQ1by a corresponding "x j" multiplication unit. Each pair of corresponding digi- 

35 tal 11 and jQ1 signals are summed via a summation unit, and a FFT (Fast Fourier 
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Transform) is performed on each of the 4 summed 11 + jQ1 signals, to thereby ob- 
tain 4 corresponding FFT signal outputs. These 4 FFT outputs are summed, and the 
summed FFT signal, which contains information of summed CW Doppler frequency 
shifts, is fed to a peak detector. The output of the peak detector, which corresponds 
to the frequency peaks of the CW beat signals, is stored in a storage unit. 

Using the above given equation (8), a CW peak object velocity can be determined 
and stored for each stored CW peak frequency. 

The 4 FFT outputs for the CW radar signals are further fed into a phase comparator, 
see Fig. 8, in order to determine azimuth and elevation phase differences from the 
radar signals received by the 4 receive antennas corresponding to the detected and 
stored CW frequency peaks. 

Similar to the CW signal processing illustrated in Fig. 6a, the processing of the re- 
ceived FM-CW radar signals is illustrated in Fig. 6b. In Fig. 6b, signals Ch1 l 2 and 
Ch1 Q 2 are the 12 and Q2 outputs from the first receiver channel, having frequency 
components corresponding to beat signals resulting from the frequency difference 
between the transmitted FM-CW signal and reflected FM-CW signals received by 
the first radar signal receiver. In the same way, the signals Ch2 l 2 and Ch2 Q 2 are 
the 12 and Q2 outputs from the second receiver channel, the signals Ch3 l 2 and Ch3 
Q 2 are the 12 and Q2 outputs from the third receiver channel, and the signals Ch4 l 2 
and Ch4 Q 2 are the 12 and Q2 outputs from the fourth receiver channel. Each sig- 
nals of the 4 pairs of 12 and Q2 signals are digitised by corresponding AID convert- 
ers, and the digitised Q2 signal is brought on the imaginary form jQ2 by a corre- 
sponding "x j" multiplication unit. Each pair of corresponding digital 12 and jQ2 sig- 
nals are summed via a summation unit, and a FFT (Fast Fourier Transform) is per- 
formed on each of the 4 summed 12 + jQ2 signals, to thereby obtain 4 corresponding 
FFT signal outputs. These 4 FFT outputs are summed, and the summed FFT signal, 
which contains information of summed FM-CW Doppler frequency shifts, is fed to a 
peak detector. Also here, the output of the peak detector, which corresponds to the 
frequency peaks of the FM-CW beat signals, is stored in a storage unit. 

Again, the 4 FFT outputs for the FM-CW radar signals are further fed into a phase 
comparator in order to determine azimuth and elevation phase differences from the 
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radar signals received by the 4 receive antennas corresponding to the detected and 
stored FM-CW frequency peaks. 

In Fig. 7a are shown peak frequencies corresponding to received CW signals, while 
5 in Fig. 7b peak frequencies corresponding to received FM-CW signals are shown. 

The operation of the phase comparator of Figs. 6a and 6b is illustrated in Fig. 8. 
Here, the outputs of the 4 FFT channels are denoted Ch1 FFT, Ch2 FFT, Ch3 FFT 
and Ch4 FFT, respectively. The Ch1 FFT and Ch2 FFT signals are summed 81, with 

10 the summed signal providing a first input to an elevation phase comparator 83, and 
the Ch3 FFT and Ch4 FFT signals are summed 82, thereby providing a second in- 
put to the elevation phase comparator 83. The comparator subtracts the arguments 
of the added FFT results of each input corresponding to the same frequency bin, 
and obtains for each frequency a phase difference which is related to the measured 

15 angle of incidence in elevation of each received signal according to equation (9) 

(being the distance between the two antenna sets along the vertical axis whose out- 
puts are summed). The output of the elevation phase comparator is fed to a peak 
selection unit 84, which further has as input the frequency location of the corre- 
sponding CW peaks or FM-CW peaks. From the unit 84 elevation phase differences 

20 corresponding to the frequencies, for which a peak has been detected, are being 

outputted, which elevation phase differences are then stored in a storage unit. In the 
same way, the Ch1 FFT and Ch3 FFT signals are summed 85, with the summed 
signal providing a first input to an azimuth phase comparator 87, and the Ch2 FFT 
and Ch4 FFT signals are summed 86, thereby providing a second input to the azi- 

25 muth phase comparator 87. The comparator subtracts the arguments of the added 
FFT results of each input corresponding to the same frequency bin, and obtains for 
each frequency a phase difference which is related to the measured angle of inci- 
dence in azimuth of each received signal according to equation (9) (being the dis- 
tance between the two antenna sets along the horizontal axis whose outputs are 

30 summed). The output of the azimuth phase comparator is also fed to the peak selec- 
tion unit 84, from which unit 84 elevation phase differences corresponding to the 
detected peak frequencies are being outputted to be stored in a storage unit. 

From the signal processing illustrated in Fig. 6a, 6b and 8, stored values are ob- 
35 tained for the CW peak signals and the corresponding CW object velocities and CW 
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elevation and azimuth phase differences. Stored values are also obtained for the 
FM-CW peak signals and the corresponding elevation and azimuth phase differ- 
ences. However, the range of or distance to detected objects still needs to be de- 
termined. 

5 

One method of determining the object range R when transmitting a triangular 
shaped FM-CW waveform is illustrated in Fig. 9. In Fig. 9 is shown a velocity table, 
which on the horizontal scale has peak frequencies f frrwjp corresponding to the FM- 
CW up-ramp frequencies, and on the vertical scale has peak frequencies f fm _dw cor- 

10 responding to the FM-CW down-ramp frequencies. For each pair of ffm-upi and ffm-dwj 
frequencies, a corresponding object velocity vy is determined by use of equation (4) 
and stored. The stored velocities v y are now compared with previously stored CW 
object velocities. These velocities are calculated as the average of the velocities 
associated to CW peak frequencies originated during each ramp from the same ob- 

15 ject or target. When there is a match between a FM-CW velocity v y and a CW veloc- 
ity, the up and down ramp peak frequencies f frn _ U pj and f fm . dw j corresponding to the 
matched velocity Vy, are then regarded as originated by the same target, which is the 
target giving rise to the matching CW velocity, and the range R and velocity v can be 
determined by use of equations (5) or (6)/(7), and (8). The determined range R and 

20 velocity v are then stored as a merged peak, which summarizes the information from 
the CW and FM-CW channels relative to that target. 

The above described method of determining object ranges R for a triangular shaped 
FM-CW waveform is further illustrated in the flow chart of Fig. 10. It describes a rou- 

25 tine, which is intended as a pre-processing step for the peaks originated when a 

triangular FM-CW waveform is employed before they are sent to a tracking routine 
13. Its objective is to provide a solution to the range-velocity ambiguity by making 
use of the properties of the kind of waveform described by equations (4) through (8). 
It is assumed that the CW and FM-CW peak frequencies have been detected and 

30 stored previously. If a ramp or saw-tooth shaped FM-CW waveform is being used, 
all peaks are directly sent to the tracking routine 13. In step 1, the FM-CW peak fre- 
quencies from the immediately previous ramp (either an up-ramp or a down-ramp) 
are recovered. Next, in step 2, a velocity table is built based on the frequencies of 
the FM-CW peaks from the current and immediately previous ramp. For the table to 

35 make any sense, the sign of the two ramps must be opposite. In step 3 and 4, the 
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velocities associated to CW peak frequencies detected during the immediately pre- 
vious ramp are recovered, and compared to the velocities associated to the CW 
peak frequencies detected during the current ramp. In step 5, velocity pairs are 
formed with those velocities associated to CW peaks from different ramps, which 
5 are sufficiently similar, the similarity criteria being defined by the ramp period and 
the expected maximum acceleration of the targets. The average of the CW veloci- 
ties in each pair, step 6, defines a candidate velocity, this is, a velocity, which is as- 
sumed to correspond to a firm target. In step 7, the candidate CW velocities are 
compared with the FM-CW velocities in the velocity table, and, in step 8, pairs of 

10 FM-CW and CW peak frequencies corresponding to matched FM-CW and CW ve- 
locities are selected. In step 9 corresponding pairs of FM-CW and CW frequency 
peaks for the current ramp are merged into a single peak with an unambiguous ve- 
locity and range calculated by making use of equations (6)/(7), depending on the 
sign of the current ramp, and equation (8). Finally, step 10, the current CW and FM- 

1 5 CW peak frequencies are stored for the next iteration and sent to the tracking rou- 
tine 13 together with the merged peaks (which substitute the original pair of CW and 
FM-CW peaks and will not be used by the tracking routine). 

Fig. 1 1 is a flowchart illustrating a tracking routine corresponding to the tracking rou- 
20 tine 13 of Fig. 10. The routine of Fig. 11 is in charge of obtaining track records for 
radar detected objects, with the records holding the history of range, velocity, azi- 
muth and elevation measurements provided by the CW and FM-CW peaks assigned 
to each track, as determined by the routine. The routine takes as input data the last 
set of peaks extracted by the previous stages of the processing system. It starts by 
25 checking, step 1 , whether there are currently track records being maintained by the 
routine, corresponding to objects being tracked by the radar. If this is the case, step 
2, it is determined for each track record how long time has elapsed since the track 
last received a measurement update. If that time is longer than a predefined deletion 
time, typically a few seconds, the track record is no longer regarded as representing 
30 a real object being tracked by the system, and it is removed from the list of active 
track records maintained by the routine. 



35 



For each of the remaining tracks, step 4, the values of the frequencies, where the 
next CW and FM-CW peaks to be assigned to the track record are expected to ap- 
pear, are calculated. This calculation is made on the basis of the history of meas- 
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urements previously received by the track by means of a Kalman filter or any other 
estimation procedure. As a result of the estimation procedure, a centre value for 
each of the expected frequencies is obtained together with an expected accuracy. 
The estimated centre frequencies and their associated accuracies are used to con- 
struct peak association gates of each active track. Each gate defines the interval of 
CW or FM-CW peak frequencies where the next peaks to be assigned to a track are 
expected to appear. As a result of the estimation procedure, each track will be given 
up to two association gates, one for the expected CW peak frequency and the other 
one for the expected FM-CW peak frequency. 



In the preferred embodiment of the invention Kalman filters are employed as means 
to improve the accuracy of the velocity and range estimation and permit calculation 
of the velocity and range association gates. A Kalman filter is defined by the follow- 
ing elements: 

15 • A state vector x(t), which contains the values of the magnitudes to be esti- 

mated (range, velocity and their derivatives) at an instant t. 

• A covariance matrix P(t), which describes the estimated covariance of the 
estimates contained in the state vector at an instant t. 

• A propagation matrix 0(AT), which serves to estimate the values of the state 
20 vector after a given time AT. 

• A measurement vector z, which represents the input measured magnitudes 
from which the estimates of the Kalman filter are extracted (the measured 
CW and FM-CW frequencies). 

• A measurement matrix H, which relates the expected measured magnitudes 
25 to a given value of the state vector. 

• A measurement error covariance R which represents the expected mean 
square errors of the measured frequencies. 

• A measurement covariance S which represents the final covariance of the 
estimated measured frequencies in z. 

30 Given the state vector corresponding to a track record at a determined instant t, the 
expected values of the state vector after a time AT are calculated as: 
x(t + AT' ) = O(AT) • x(t) (10) 
where the superscript " indicates that the estimated values of the state vector are 
calculated before the addition of the possible new measurements incorporated to 
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the track record at time t+AT. The estimated covariance of the propagated state 
vector is calculated as: 
P(t + AT-)=<Z>(AT)-p(t).<pr (AT) 

where the superscript T denotes matrix transposition. From the propagated state 
vector, the values of the expected measured magnitudes and their covariance are 
estimated as: 

z(t + AT~)=H -x(t + AT~) 

s(t + AT-)=H-p(t + AT-)-H T +R (12) 
The diagonal of the covariance matrix S contains the expected variance of the esti- 
mated frequencies and are used to define the range of frequency values which the 
corresponding association gate will cover. Being z A the first element of the meas- 
urement vector z, and S„ the first element of the diagonal of S (the expected vari- 
ance of the measurement Zl ), the range of frequencies that must be covered by the 
association gate will be: 

ti-*>V^T.*i+*-V^T)' (13) 
1 5 where k will take the value 2.6 if measurement is to be found inside the gate with a 
99% probability when a Gaussian distribution is assumed for the estimated variable. 
If a new measurement is found inside the association gate, it will be incorporated to 
the current state of the filter by use of: 

x{t + AT)=x(t + AT-)+p(t + AT-)-H T -S- 1 -(m~H-x(t + AT-)) 
P{t + AT) = P(t + AT- )- P(t + AT~)-H T -S- 1 -H- p(t + AT~) ° 4) 

where m represents the vector containing the newly found peak frequencies which 
are incorporated to the track record and which serves to update the estimates con- 
tained by the state vector. 



20 



25 



When only CW peak frequencies are available, the state vector can only consist of 
the radial velocity of the object and its radial acceleration, while the measurement 
vector will only contain the expected CW peak frequency. In this case, the form of 
the necessary propagation and measurement matrix will be: 

<KAr)= ri AT ~ 

2 



H = 



L^cw 



0 1 

- 0 



(15) 
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When only FM-CW peak frequencies are available, the state vector can only contain 
the slant range to the object and its radial velocity. In this case, the measurement 
vector will consist of the expected FM-CW peak frequency and the propagation and 
measurement matrixes will be of the form: 
"1 at' 



®{AT) = 



0 1 



H = 



+ 2 BW 



FM 



(16) 



where the sign of the first element of H will be that corresponding to the sign of the 
next transmitted frequency ramp, according to equations (2) and (3). 



When both CW and FM-CW peak frequencies are available, the state vector can 
represent the slant range, radial velocity and radial acceleration of the object. The 
measurement vector will contain both the expected CW and FM-CW peak frequen- 
cies and the propagation and measurement matrixes become: 

1 AT AT 2 / '2 



®{AT) = 



0 
0 



1 

0 



H = 



± 2 BW_ 
c T r 

0 



FM 

2 



AT 
1 



(17) 



The centre and aperture of the association gate for the FM-CW peak frequency will 
respectively be given by the first element of the measurement vector and the first 
element of the diagonal of the resulting measurement association covariance matrix. 
The centre and aperture of the association gate for the CW peak frequency will re- 
spectively be given by the second element of the measurement vector and the sec- 
ond element of the diagonal of the resulting measurement association covariance 
matrix. 



There will in general be three kinds of track records maintained by the tracking rou- 
tine: records which have only been assigned CW peaks, records which have only 
been assigned FM-CW peaks and records which have been assigned both CW and 
FM-CW peaks. As a result of this, those records with only CW or FM-CW peaks can 
only be given one association gate corresponding to the next expected CW or FM- 
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CW peak frequency. In general, none of these track records will contain accurate 
range and velocity measurements since none of their peaks could be associated 
with the complementary CW or FM-CW peak, which serves to resolve the range- 
velocity ambiguity. This is especially true when a saw-tooth or ramp shaped FM-CW 
5 waveform is employed in the system, since the association procedure described in 

the flow chart of Fig. 10 cannot be employed. However, if it is taken into account that 
a real object being observed by the radar will in general give rise to a track record of 
CW peaks and another one of FM-CW peaks the problem can be circumvented as 
explained below. 

10 

In step 5 of the routine, the CW and FM-CW peaks are assigned to the correspond- 
ing tracks according to the location of their association gates. If inside the associa- 
tion gate of a track only one peak appears, the peak and its associated measure- 
ments will be assigned that track and the track record updated. If one or more peaks 

1 5 fall into the gates of one or more tracks, the final association of peaks to tracks will 
have to be determined by means of an additional criterion, such as assigning to 
each track the peak located closer to the centre of its association gate or similar. 
Peaks which do not fall into the association gate of any track are later used to initi- 
ate new track records, steps 9 to 1 1 , attending to whether they are CW peaks, FM- 

20 CW peaks, or peaks resulting from the merging of a CW and FM-CW peak as de- 
termined by the algorithm described in the flow chart of Fig. 1 0. A minimum amount 
of updates will have to be received by those new tracks in order to be declared as 
firm tracks. 

25 As indicated previously, track records, which only contain one type of peaks, either 
CW or FM-CW peaks, can only be given one association gate and therefore only 
receive an update from the corresponding kind of peak. Track records which consist 
of both CW and FM-CW are given two association gates and can so be updated by 
both a CW and a FM-CW. When both classes of peaks are assigned to the track, 

30 the unambiguous range and velocity measurements can be derived according to 
equations (6)/(7) and (8). If only one kind of peak is received by the track, it will still 
be possible to derive an unambiguous range and velocity measurement for the 
given iteration by using, as an estimate for the missing peak frequency, the peak 
frequency employed to build the association gate, which summarizes the past his- 

35 tory of CW and FM-CW peak frequencies assigned to the track. By doing so, more 
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robustness and efficient use of the transmitted power can be achieved. At this point, 
step 6, the updating of the track records containing both CW and FM-CW peaks 
would be finished. 

5 Regarding those track records consisting of only peaks of one type, the routine will 
try at any point to find which pair of CW and FM-CW track records is originated from 
the same object. In order to achieve this, the measurement histories of the track 
records exclusively consisting of CW peaks will be compared with those of the track 
records exclusively consisting of FM-CW peaks, step 7. In principle, only the histo- 

10 ries of azimuth and elevation measurements, which will be the same if two tracks 
are generated by same object, can be compared, but depending on the degree of 
range-velocity coupling existing in the system (which is a function of the parameters 
of the FM-CW waveform, this is, ramp duration and frequency sweep) it could also 
be feasible to directly compare the history of velocity measurements of the CW track 

1 5 with that of the FM-CW track derived from the first derivative of its history of peak 
frequencies. 

If according to the above criterion, a pair of track records consisting respectively of 
only CW and FM-CW peaks is found to correspond to the same object, their track 
20 measurements are merged in step 8 in the same fashion as before and a new track 
record is created with unambiguous range and velocity measurements, which sub- 
stitutes the previous two. In the next iteration of the algorithm, this new track record 
will be able to generate both CW and FM-CW association gates and therefore ac- 
cept both CW and FM-CW peaks. 

25 

Once all tracks have been updated, the routine can send the updated measure- 
ments of each firm track to another device or algorithm for further processing or 
presentation to a user, step 12. In principle only information from firm tracks contain- 
ing both CW and FM-CW peaks will be regarded as valid, since these will be the 
30 only ones having accurate unambiguous range and velocity measurements. 

While the invention has been particularly shown and described with reference to 
particular embodiments, it will be understood by those skilled in the art that various 
changes in form and details may be made therein without departing from the spirit 
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and scope of the invention, and it is intended that such changes come within the 
scope of the following claims. 



